Background. Chronic pain has major clinical and social consequences. Few studies have examined any variation in the extent of impairment on quality of life and work productivity by site and type of chronic pain. Objective. The objective of our study is to examine adverse impacts of chronic pain on physical and psychological health and work productivity. Methods. Our community-population study was based on a phone-interview of adults with chronic pain, residing in Olmsted County, MN. Chronic pain groups were categorized into abdominal pain, back pain, joint pain, multisite pain, neuropathic pain or no chronic pain. We used standardized instruments, including the Brief Pain Inventory, the Patients Health Questionnair-9, and Work Productivity and Activity Impairment Questionnaire. Results. We evaluated 591 patients suffering from chronic pain and 150 participants with no chronic pain. Almost one third of patients with multisite pain (33%) and neuropathic pain (32%) reported mild/major depressive symptoms. Patients suffering from chronic pain, particularly from multisite pain and neuropathic pain, reported significant pain interferences with daily activities and impairments in physical function. Chronic pain was significantly associated with reduced performance at work but not with missed work hours. The average reported reduction in work productivity ranged from 2.4 hours (±5.6) per week for adults with joint chronic pain to 9.8 hours (±11.1) per week for adults with multisite chronic pain. Conclusions. Chronic pain, particularly multisite pain and neuropathic pain, significantly affected physical and psychological health. Chronic pain is a multifaceted health condition that requires a multidisciplinary treatment approach.
Introduction
Chronic pain is a common condition that has major clinical and social consequences in communities (1, 2) . Chronic pain can be manifested in different locations and types, including low back pain, abdominal pain, joint pain, multisite pain and may be neuropathic in nature. Differing types and sites of chronic pain, may differentially impact physical and psychological well-being and work productivity (2) . Few studies have examined the reduction in work productivity by type and location of chronic pain. Most prior studies focused on specific types of pain rather than locations of pain or did not differentiate by type or location of pain (3) (4) (5) . Furthermore, they often included patients recruited in the clinic or hospital setting, and thus results may not generalize to community populations.
The objective of our community population-based study was to characterize chronic pain by location and whether or not it was neuropathic to examine adverse impacts on interference with daily activities, work and physical and psychological well-being compared to a group of patients without chronic pain. By sampling participants from the community rather than from health care utilization databases, we were able to examine these associations in chronic pain sufferers with and without healthcare seeking for their symptoms. Our study was based on a phone-interview of adults with chronic pain, residing in Olmsted County, Minnesota (MN).
Methods

Study population
The study participants for Olmsted County Health Study were selected from the Rochester Epidemiology Project (REP), which links and indexes virtually all residents of Olmsted County in MN. In 2003, a random sample of 5897 residents who were of ages 30 years and older and who had a health care visit in the last 3 years was selected from REP and mailed a questionnaire on demographics, health status and pain. A total of 3575 (61%) residents completed the questionnaire (6, 7) . From December 2004 through January 2006, we conducted in-depth telephone interviews in a stratified random sample of survey respondents who had reported having chronic pain (defined as having any pain for 3 months or longer) or no chronic pain. Telephone interviews, which lasted approximately 45 minutes collecting only quantitative information, were conducted by trained research coordinators using a Computer Assisted Telephone Interview system. Among 907 patients (89.6% of all invited) who completed the telephone interview, we excluded 166 patients who reported chronic pain on the mailed survey but whose pain had resolved at the time of the telephone interview. This analysis thus includes 741 participants, of whom 591 participants reported having chronic pain and 150 patients did not report having chronic pain.
Chronic pain groups were divided into the following categories: abdominal pain, back pain, joint pain, multisite pain, neuropathic pain at any of the sites of interest or no chronic pain. A definition of multisite pain was substituted for chronic widespread pain (8) . Multisite pain was defined as having pain in three or more of the (9) . The no pain control group was selected from survey participants without chronic pain, the majority of whom did not have any pain but some did report acute or sub-acute pain (pain lasting less than 3 months).
The Brief Pain Inventory (BPI) inquires about the severity of pain on an 11-point scale ranging from 0 (corresponding to 'no pain') to 10 ('pain as bad as you can imagine') (10). We categorized worst pain in the last week as a measure of severity of pain as follows: mild pain (1-3), moderate pain (4-6) and severe pain (7) (8) (9) (10) . Pain interference with daily activities, specifically general activity, mood, walking ability, normal work, relations with other people, sleep and enjoyment of life, were each evaluated on a similar 11-point scale. For each of those items, we defined pain interference as a score of five or greater. Depressive symptoms were assessed using the Patients Health Questionnaire-9 (PHQ-9) (11) and anxiety symptoms were assessed using the Beck Anxiety Index (12), both of which were scored according to published guidelines. Physical functioning was assessed with the use of a summary score generated from 10 questions in the Medical Outcomes Study Physical Functioning (MOS-SF) (13) . The mean score of MOS-SF ranges from 0 to 100, with 100 being the best health state.
The Work Productivity and Activity Impairment Questionnaire (WPAI) was used to measure work productivity loss (14) . The WPAI inquires about the number of hours per week missed from work for a health-related reason (absenteeism) and the percentage of healthrelated reduced performance while at work (presenteeism). Lost productive time was calculated by summing health-related missed work hours and total hours equivalent of reduced performance at work. We also inquired about complementary and alternative medicine use, including use of chiropractic, nutritional advice or lifestyle diets, spiritual healing or prayer, massage therapy, herbal remedies, acupuncture and others, which were based on questions from Medical Expenditure Survey (15) .
Data analysis
Descriptive statistics were used to assess patient's demographic, clinical characteristics and health seeking behaviours. Chi-square or Fisher's exact test was used for categorical variables and Wilcoxon rank-sum or Kruskal-Wallis test for continuous variables. We evaluated the impact of chronic pain by site and neuropathic categories on pain interference with daily activities, physical functioning and also work productivity. The multivariate generalized linear model using the robust variance estimator was build to assess the impact of chronic pain on physical functioning score. The multivariate binomial regression model with log-link function was used to estimate the impact of chronic pain on any work productivity loss time. In the multivariate model, we adjusted for following potential confounding factors based on prior studies: age category, gender, education, general health status, obesity and mild/major depressive symptoms.
Results
Characteristics of study patients by chronic pain
Chronic pain sufferers were more likely to be women (64% versus 47%; P < 0.001), in fair or poor general health (18% versus 5%; P < 0.001), and have less than a college education compared to those without chronic pain (40% versus 52%; P = 0.016; Table 1 ). They were also more likely to be obese (31% versus 20%; P = 0.012), and exhibit mild/major depressive symptoms (25% versus 5%; P < 0.001) and anxiety (14% versus 5%; P = 0.001). Patients with chronic pain reported experiencing a long (median of 9 years; IQR = 4, 20) and frequent pain (85% experiencing pain ≥8 days per month). About 14% of participants reported difficulties in obtaining care and that they did not receive needed care. Almost 15% of participants reported no prior physician diagnosis of chronic pain.
Severe chronic pain (worst pain score in the last week ≥7) as compared to less severe pain (worst pain score 1-3) was also associated with female gender, low education level, obesity and depressive symptoms and anxiety (Supplementary Table 1 ). Patients with severe chronic pain were less likely to be working as compared to those with less severe pain (55% versus 72%; P = 0.004).
Alternative medicine use was reported in 81% of chronic pain patients, which was higher than those without chronic pain (64%; P < 0.001). Use of chiropractic (46%), spiritual healing or prayer (40%) and nutritional or lifestyle diets (39%) were reported among chronic pain patients.
Participants with multisite chronic pain were more likely to be women (76%) and in fair or poor general health (35%) as compared to those with other categories of chronic pain or the no chronic pain participants (Table 2 ). Patients suffering from multisite chronic pain were more likely to have long duration, frequent and intense pain. Patients suffering from neuropathic pain, abdominal pain, joint chronic pain and low back pain also reported long duration and frequent pain. Almost one-third of patients with multisite pain (33%) and neuropathic pain (32%) reported mild/major depressive symptoms.
Interference with daily activities and physical functioning by chronic pain
Patients suffering from chronic pain reported significant pain interferences (scale ≥5) in general activity (26%), mood (16%), walking ability (25%), normal work (23%), sleep (28%) and enjoyment of life (18%; P < 0.001 for all comparisons with non-chronic pain group). Multisite pain and neuropathic pain substantially interfered with all daily activities (Figure 1) . A substantial proportion of patients with multisite pain (49%) and neuropathic pain (30%) reported pain interference with sleep.
Chronic pain was also significantly associated with impaired physical functioning (Medical Outcomes Study PF score 72.9 ± 24.0 versus 89.4 ± 18.1; P < 0.001), with multisite chronic pain showing the greatest impairment (60.9 ± 26.5). Chronic pain remained significantly associated with lower physical functioning score after adjusting for age, gender, education, obesity and depressive symptoms in the multivariate model (Table 3) .
Work productivity loss by chronic pain
Employed participants with chronic pain reported significantly greater degree of lost productivity (mean 5.4 hours (±9.3) per week among participants with chronic pain versus 2.0 hours (±5.6) per week among participants without chronic pain; P < 0.001). Chronic pain was significantly associated with reduced performance at work (presenteeism) but not with missed work hours (absenteeism; Table  4 ). Reported average reduction in work productivity varied from 2.4 hours (±5.6) per week for adults with joint chronic pain to 6.1 hours (±9.7) per week for adults with abdominal chronic pain and 9.8 hours (±11.1) per week for adults with multisite chronic pain. Chronic pain was significantly associated with productivity loss after adjusting for depressive symptoms and other factors in the multivariate model (Supplementary Table 2 ).
Discussion
Chronic pain adversely affected daily activities, physical and psychological health, and work productivity in our community-based study. Patients suffering from severe chronic pain and also multisite chronic pain were more likely to be women, unemployed, obese, in a fair or poor general heath and from low socioeconomic status. Our findings add to the prior literature by characterizing different categories of chronic pain and their adverse impact on health-related quality of life and work productivity. Patients with multisite pain and neuropathic pain were most affected. Most prior studies included only patients reporting moderate or severe pain, recruited in the clinic or hospital setting. One of the strengths of our study is that we included patients with chronic pain of all intensities, from mild to severe, in the community. Consistent with prior literature, patients with chronic pain reported a higher prevalence of anxiety and depressive symptoms (4, 5, 16) . We also found that increasing severity of pain and chronic multisite pain to be associated with higher prevalence of depressive symptoms. Chronic pain and psychological comorbidities may aggravate one another and create a vicious cycle (1, 17) . Pain increases the risk of developing depression, whereas depression may in turn result in exacerbation and persistent of pain, and cause sleep deprivation and interference with daily activities (17) . Thus, it is important for physicians to identify and address comorbid psychological symptoms to effectively treat chronic pain (1).
We also evaluated societal burden of chronic pain. Chronic pain was associated with loss of work productivity on average of 5.4 hours per week. The reduction in work productivity varied widely from an average of 2.4 hours per week for joint chronic pain to 9.8 hours per week for multisite chronic pain. Importantly, majority of lost productivity due to chronic pain was from reduced performance at work. Similar to our findings, a prior study reported that arthritis or back pain results in work productivity lost of 5.2 hours per week (18) . Previously, reduced performance at work was reported to be 28% of their working time for back pain, 32% for arthritis pain and 45% for fibromyalgia pain (19) . While we were unable to identify fibromyalgia, our definition of multisite pain was used as a proxy for chronic widespread pain and fibromyalgia. Chronic pain affects working adults and contributes to substantial lost productivity (18, 19) . It has been estimated that persistent pain affects 100 million adults and leads to approximately $560 to $635 billion annually in total societal costs, including healthcare costs and work productivity, in the USA, greater than the costs of heart disease, cancer or diabetes (20) .
Our study also shows challenges in obtaining needed medical care. Despite experiencing long and severe duration of pain and interference with daily activities, 15% of study participants reported they have not informed their physician about their chronic pain. These results confirm prior work demonstrating a large unmet medical need in chronic pain sufferers (6) . The majority of pain sufferers (81%) reported the use of alternative medicine, which may help treat chronic pain but must be communicated to primary care physicians so that it can be fully integrated into patient care.
Our study has strengths and limitations. We were able to use a community based sample which identifies those with chronic pain despite use of health care services for pain. By using a sample of individuals who reported on pain a year prior to this study, we were able to identify those with truly long standing chronic pain. We used the patient's description of site and type of pain to categorize pain and illustrated variation by chronic pain category. However, our study was cross-sectional and we were unable to assess the effect of comorbid conditions or treatment on the future occurrence of pain or intensity or duration of pain. The majority of adults participated in the Olmsted Country Health Study were White, which may have limited the generalizability of findings to other populations. Although our study is based on the data from 2004 to 2006, our findings are likely generalizable to the present. The clinical practice for patients with chronic pain has not changed over the last decade, with the exception of greater awareness of opioid addiction.
Conclusions
We assessed the burden of chronic pain from patients' perspective in multiple domains of physical, psychological, and social functioning and well-being. Chronic pain, particularly multisite pain and neuropathic pain, significantly affected physical and psychological health. In addition to the negative impacts on the psychological and physical of the individual, chronic pain places a significant burden on society through lost work productivity and reduced performance at work. Our study emphasizes the importance of understanding chronic pain as a multifaceted health condition that requires a multidisciplinary treatment approach.
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